The germline coded human monoclonal IgM antibody 103/51 was isolated from a gastric carcinoma patient. This antibody binds to a 130-kd membrane molecule and has a mitotic effect on tumor cells in vitro. To characterize the target, we sequenced the protein and showed that the antibody binds to the cysteine-rich fibroblast growth factor receptor (CFR)-1, which is highly homologous to MG-160 and the E-selectin-ligand (ESL)-1. The epitope was determined by glycosidase-digestion experiments to be an N-linked carbohydrate side chain. Immunohistochemistry was used to investigate the tissue distribution of CFR-1. Different healthy tissues were tested and only the collecting tubes of the kidney, the Golgi apparatus, and the glomerular and fascicular zones of the adrenal gland stained positive. However, on malignant tissue the receptor is overexpressed in nearly all tested stomach cancers (12 of 15) and other tested carcinomas (13 of 15). Most interestingly, the receptor is also present in Helicobacter pylori gastritis and gastric dysplasia, but absent on uninflamed stomach mucosa. This restricted tissue pattern indicates that antibody 103/51 reacts with a membrane-bound variant of CFR-1, which is mainly expressed on transformed cells and precursor lesions and is essential for proliferation processes. The possible activity of antibody 103/51 as an activating ligand in these proliferative changes of gastric epithelial mucosa is discussed. (Lab Invest 2001, 81:1097-1108.
T he occurrence of autoantibodies that react with altered or overexpressed cellular structures or oncogene products is frequently observed in cancer patients (Tomer et al, 1998) . It is well documented that these autoantibodies are against altered structures like overexpressed or mutated oncogenes, such as p53 (Schlichtholz et al, 1992; Winter et al, 1992) , ras (Takahashi et al, 1995) , L-myc (Yamamoto et al, 1996) , receptors like c-erbB (Pupa et al, 1993) , structural proteins (Fernandez-Madrid et al, 1996) , or overexpressed differentiation markers (Velikova et al, 1997) . Often, these autoantibodies have been proved to be of diagnostic and prognostic value (Peyrat et al, 1995) . In general, antibodies, like other proteins, are capable of mimicking ligand effects by stimulating growth factor receptors (Rajkumar and Gullick, 1994) or inducing apoptosis (Hensel et al, 1999a) . Autoantibodies have also been shown to influence growth of gastric carcinoma cells and might be involved in the initiation and propagation of stomach carcinogenesis (Hensel et al, 1999b; Negrini et al, 1996) , which might be harmful to the organism.
The development of stomach cancer is a multistep and multifactoral process (Correa, 1992) . Although little is known about molecular mechanisms, factors such as high salt intake, alcohol, nitrosamines, and infection with the bacterium Helicobacter pylori (H. pylori) are clearly proved to be involved in the initiation of stomach carcinogenesis. Due to a strong correlation between H. pylori infection and the occurrence of gastritis, dysplasia, and development of gastric cancer, the bacterium has been classified as a class I carcinogen by the World Health Organization (Logan, 1994) . H. pylori directly induces serious precancerous cellular changes in the mucosal environment and is also responsible for the increase of autoantibodies, which are frequently observed in gastritis and stomach cancer patients (Negrini et al, 1996) . These antibodies are able to induce gastric lesions and apoptosis in the gastric epithelium (Steininger et al, 1998) . So far the nature of the antigens is only partly known. Antibodies against the gastric Hϩ/K(ϩ)-ATPase (Claeys et al, 1998) , Interleukin-8 (Crabtree et al, 1993; Ma et al, 1994) , and Lewis blood group antigens are frequently found in gastritis and stomach cancer.
In recent publications, we described that the human antibody 103/51, which was isolated from a stomach cancer patient with diffuse-type adenocarcinoma, crossreacts with H. pylori and stomach cancer cells (Vollmers et al, 1994) . The antibody has a mitotic effect on stomach carcinoma cells in vitro by binding to a 130-kd membrane receptor (Hensel et al, 1999b) . Sequencing of the antibody's variable gene regions identified the antibody 103/51 as an autoantibody. Immunohistochemistry shows that the antibody reacts strongly with stomach cancer cells and with some glandular stomach tissue.
In this paper, we describe that the approximately 130-kd antigen of antibody 103/51 was identified to be cysteine-rich fibroblast growth factor receptor (CFR)-1, a multifunctional protein that is highly homologous to the E-selectin-ligand (ESL)-1 (Steegmaier et al, 1995) and MG-160 (Gonatas et al, 1989) . This epitope was determined to be an N-linked carbohydrate residue. By more detailed immunohistochemistry, we show that CFR-1 is specifically overexpressed on transformed and/or proliferating cells.
Results

Purification and Identification of Antigen 103/51
Western blot analysis was used to show that the antibody 103/51 binds to an approximately 130-kd membrane protein on stomach cancer cells. We prepurified this protein by sequential size exclusion and anion exchange chromatography (Fig. 1a) . The protein was excised from a Coomassie-stained preparative SDS-PAGE. One part was used for production of mouse monoclonal antibodies (see below) and one part was used to identify the protein by the method outlined by Shevchenko et al (1996a) . After 3 hours of in-gel digestion with trypsin, about 1% of the total digested volume was removed and subjected to high mass accuracy matrix-assisted laser desorption/ionization (MALDI) peptide mass mapping (saving the rest of the digest for nanoelectrospray analysis, in case MALDI MS did not lead to definitive identification). Despite the femtomole amount of the protein digest consumed for MALDI analysis, a database search matched 35 peptides to the CFR-1 sequence with a mass accuracy within 50 ppm. These peptides cover 29% of the CFR-1 sequence, thus definitively identifying the protein, which has a calculated molecular weight of approximately 134 kd (Burrus et al, 1992) (Fig. 1b) .
Effect of Transient Transfection of Cell Line 23132 with CFR Antisense Vector on Binding of Antibody 103/51 and Live Cell Staining
We investigated the effect of an antisense transfection of the stomach carcinoma cell line 23132 by immunohistochemistry and flow cytometry. For this, a 897-bp PCR fragment of CFR, flanking the region between base pairs 802 and 1699, was cloned into the pHOOK-2 vector in an antisense direction relative to the CMV promoter. Subconfluently grown cells were transiently transfected with the pHOOK-CFR antisense vector, pHOOK-lacZ, and pHOOK vector. Transfection was controlled by a ␤-galactosidase assay (data not shown). Forty-eight hours after transfection, cytospin preparations were prepared and stained with antibodies 103/51 and anticytokeratin 18 as a control (not shown).
The immunohistochemistry showed a clear reduction of staining in cells transfected with the pHOOK-CFR antisense vector when compared with mocktransfected cells (Fig. 2, a and b) . This confirmed the binding of antibody 103/51 to CFR-1. The slight cytoplasmatic staining visible in both stainings might be due to nonspecific binding often observed in staining with human IgM antibodies on acetone-fixed cells. Membrane expression and the effect of transfection were also tested by flow cytometry (Fig. 2, g to i) . The data indicate a reduction in binding of the antibody 103/51 after transfection of cells with the CFR-1
Figure 1.
Identification of the antigen of antibody 103/51. a, Protein purification of the antigen from membrane extracts of stomach carcinoma cell line 23132. Membrane fractions were processed by chromatographic procedures and whole membrane fraction (Lane 2), or purified proteins (Lane 3) were stained with Coomassie (Lane 1: 10 kd ladder). Western blot analysis with antibody 103/51 on membrane fractions of cell line 23132 showed one main band with a molecular weight of approximately 130 kd (Lane 4). Specificity of processed membrane extracts was controlled by Western blotting with 103/51 (Lane 5). The protein band indicated by the arrow was excised from a preparative gel and used for matrix-assisted laser desorption/ionization (MALDI) mass mapping and immunization of mice. b, Identification of the 130-kd gel-separated protein by high resolution MALDI peptide mass mapping. Peaks labeled with asterisks (*) match the calculated masses of tryptic peptides of U28811 human cysteine-rich fibroblast growth factor receptor (CFR-1) with a mass accuracy better than 50 ppm. Peaks labeled with T correspond to trypsin autolysis products. The inset shows the mass resolution (m/⌬m ϭ 9000) of the peak at m/z 1707.818. To investigate the specific membrane distribution of the CFR-1 isoform, we performed live cell staining with cell line 23132 and some nonstomach-cancer cell lines. On the cell line 23132 we found a clear staining (Fig. 2, c and d) , whereas the human lung adenocarcinoma cell lines Colo-699 (Fig. 2 , e and f) and human epidermoid lung carcinoma cell line EPLC-272H (not shown) were clearly negative. These data show that the described CFR-1 isoform is not expressed in all cancerous cell lines, and the exclusive membrane staining of 23132 cells indicates that the CFR-1 isoform seems to have a distribution different from the one described so far for CFR-1.
Glycosidase Assay
CFR-1 is a sialoglycoprotein with five possible N-glycosylation sites; it has been shown by treatment with glycosidase F that the molecule is glycosylated at these sites (Steegmaier et al, 1995) . Because tumorreactive antibodies often react with carbohydrate residues, we investigated whether this is the case for the antibody 103/51. Cytospin preparations of cell line 23132 were incubated for 4 hours with O-and N-glycosidases, and then subjected to immunohistochemical staining with antibody 103/51. Treatment of cells with N-glycosidase led to a dramatic decrease in 103/51 staining (Fig. 3b ), whereas incubation with dephosphorylation buffer (Fig. 3a) or digestion with O-glycosidase (not shown) had no effect on binding of the antibody 103/51. This shows that the specificity of binding of the antibody 103/51 must be located in sugar residues and not in the primary protein sequence.
To further control for this effect, membrane extracts of cell line 23132 were declycosylated for 16 hours and Western blots were prepared and stained with antibody 103/51. We found a reduction in the reaction on lysates incubated with N-glycosydase when compared with the control lysates (Fig. 3c) .
Production of Murine Antibodies and Immunohistochemical Staining of Paraffin Section of Stomach Adenocarcinoma
Because commercial antibodies to CFR-1 are not available, we immunized mice with purified protein eluated from Coomassie-stained SDS-gel for produc- tion of monoclonal antibodies to strengthen the specificity and to further characterize CFR-1 expression. Spleen cells were immortalized by fusion with the heteromyeloma NS0. One hundred and fifty clones were tested for immunohistochemical staining. Positive clones were recloned, and the clone 58/47-69 (IgM) was used for further characterization. To investigate the binding properties of the human antibody 103/51 and the murine antibody 58/47-69, we stained paraffin sections of 15 different stomach adenocarcinoma and one adenoma. Identical staining of glandular cells of the normal epithelial tissue and intensive staining of carcinoma cells was found (Fig. 4) . In short, early carcinoma (n ϭ 2) were stained by both antibodies. On intestinal-type carcinoma, both antibodies stained in 4 of 5 cases. On diffuse-type carcinoma, all cases (n ϭ 4) were stained, and the intermediary-type were positive in 50% (n ϭ 4) with both antibodies. These results show a high expression of CFR-1 in most cases of stomach carcinoma. The investigated adenoma showed a distinct staining pattern, with positive cells only in the transition from normal to transformed cells.
Immunohistochemical Staining with Antibody 103/51 on Gastric Mucosa
To investigate the reaction pattern of antibody 103/51 on gastric mucosa in more detail, we performed immunohistochemical stainings on gastric tissue without inflammation, H. pylori-associated chronic active gastritis, high-grade dysplasia, and gastric adenocarcinoma. On uninflamed gastric tissue, no reaction was seen (Fig. 5 ). However, in the mucosa of a patient with H. pylori gastritis we found staining predominantly in (Ramires et al, 1997) . A more intensive staining of antibody 103/51 was seen in the proliferation zone of gastric dysplasia also correlating with Ki67 staining. The strongest staining was found in the proliferating zone of gastric adenocarcinoma.
Immunohistochemical Staining of Antibodies 103/51 and 58/47-69 on Different Tissues
We investigated the expression of CFR-1 in other cancerous and normal tissues by immunohistochemical staining of paraffin sections with antibodies 103/51 and 58/47-69. Of 15 cancerous tissues (different from stomach carcinoma), antibody 103/51 showed staining in 13 cases (Fig. 6, Table 1 ). Negative staining was observed on anaplastic cells of the lung, confirming the results from the immunohistochemical staining and MTT-assay with the cell lines Colo-699 and EPLC-272H. This data indicates an overexpression of CFR-1 and distribution to the cell membrane in malignant transformed cells.
On 28 normal tissues tested, we found a restricted expression on only three intestinal organs (Table 2) . Membrane staining was observed on the glandular foveola of the stomach and the glomerular and fascicular zones of the adrenal gland, whereas staining of the Golgi apparatus was found in the collecting tubes of the kidney (Fig. 5) . This further confirms the characterization of the antigen as CFR-1, which has been described earlier by Burrus et al (1992) .
Stimulation with Human and Murine Monoclonal Antibodies
As stated in our previous publications (Vollmers et al, 1994; Hensel et al, 1999b) , the antibody 103/51 leads to the stimulation of cell line 23132 in vitro. We measured the stimulating ao antibody 103/51 with the mitochondrial hydroxylase assay (MTT), which is a standard assay for proliferation (Carmichael et al, 1987) . To further investigate the stimulating properties of antibody 103/51, we incubated the cell line 23132 with various concentrations of purified antibody. We found a concentration-dependent stimulation with the highest activity at 4 g/mL (Fig. 7a) . Higher concentrations showed a slight decrease in stimulation.
To test if the murine antibody 58/47-69 has the same effects on cell growth, we performed the MTTstimulation assay with purified antibodies in comparable amounts. As can be seen in Figure 7b , both antibodies led to the stimulation of cell line 23132 in vitro. This further confirms identical specificity of both antibodies.
To confirm that the stimulation of antibody 103/51 and the murine antibody 58/47-69 is mediated by binding to CFR-1, we transfected cells with control vector pHOOK-2 and CFR-1 antisense vector and tested transfected cells in the MTT-assay. As a positive control for transfection, cells were also transfected with pHOOK-2-lacZ vector followed by ␤-galactosidase staining (not shown). Because comparable stimulation was observed in nontransfected cells and cells transfected with control vector pHOOK-2, a reduction of the stimulating effect of both antibodies by the transfection procedure can be excluded. In contrast, cells transfected with CFR-1 antisense vector clearly show a reduced stimulation (Fig. 7c) .
Finally, to demonstrate that the stimulation by antibody 103/51 is not mediated by receptors other than CFR-1, we performed a MTT-stimulation assay with the cell line 23132 and compared it with the CFR-1-negative lung carcinoma cell lines Colo-699 and EPLC-272H. Although the cell line 23132 is stimulated as described above, the two lung carcinoma cell lines did not show any stimulation by antibody 103/51 (Fig. 7d) , confirming the results observed in the immunohistochemistry.
Discussion
The autoantibody 103/51, isolated from a patient with an adenocarcinoma of the stomach, binds to a 
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membrane-bound variant of CFR-1 and enhances proliferation of tumor cells by binding to an N-linked carbohydrate residue. We show that CFR-1 is overexpressed on a variety of malignant cells and on precursor lesions of gastric carcinoma. We speculate that this functional autoantibody mimics the effect of a natural ligand, influences the cell cycle control of the epithelial cell, and might be involved in the carcinogenesis of stomach carcinoma.
The molecular mechanisms of gastric carcinogenesis are relatively unknown, although a number of genetic abnormalities and some environmental influences such as alcohol, highly salted food, and bacterial infections (H. pylori) have been identified as risk factors for the development of gastric cancer (Correa, 1992) . However, recent studies have shown that, at least for diffuse-type gastric cancer, a genetic predisposition might also exist (Guilford et al, 1998) and that autoantibodies might be involved in malignant processes.
The step-by-step process in the development of stomach cancer also starts with epithelial lesions, such as gastritis, peptic ulcer, and dysplasia induced by H. pylori and other carcinogens (Correa, 1992) . In addition to the cellular changes induced by the H. pylori proteins, it has become clear in recent years that the bacterial infection and the development of gastritis and stomach cancer are accompanied by autoimmunity Faller et al, 1997) , which may also lead to degenerative processes of the stomach mucosa (Negrini et al, 1991) .
We have recently shown that stimulating antibodies like the one described here frequently occur in stomach cancer patients, and also that 4 of 11 tumorreactive monoclonal antibodies lead to cell stimulation (Hensel et al, 1999b; Vollmers et al, 1994) . Common antigens of the stomach mucosa are the gastric Hϩ/ K(ϩ)-ATPase (Toh et al, 1990) and Lewis blood group antigens . These autoantibodies often consist of so-called natural antibodies, which are in germline configuration and do not undergo affinity maturation (Dighiero, 1995) . Antibody 103/51 is a nonmature germline-coded (natural) autoantibody (Hensel et al, 1999b ) that stimulates stomach carcinoma cells in a concentration-dependent manner. Using glycosidase experiments, we were able to show that the epitope is an N-linked carbohydrate residue. This is in accordance with other results on tumorbinding human antibodies, which also bind carbohydrate residues (Karsten et al, 1998; Hensel et al, 1999a) . One reason for this is that sugars are specifically overexpressed or modified on tumors (Ho et al, 1995) .
The protein was characterized as CFR-1 by purification, sequencing, and transfection experiments. The specificity of 103/51 was strengthened by the production of a murine antibody against the purified molecule with identical reactivity and function, immunohistochemical stainings, and in MTT-assay of two CFR-1-negative cell lines. The CFR-1 molecule, detected by both human and murine antibodies, is clearly located in the cell membrane of epithelial cells and has a tissue expression pattern different from the ones described so far for CFR-1 (Burrus et al, 1992) . CFR-1, which was isolated as a high-affinity fibroblast growth factor (FGF)-binding protein from chicken fibroblasts (Burrus et al, 1992) , binds to a number of FGF and may have a role in the regulation of cellular proliferation. In Chinese hamster ovary cells (CHO), CFR-1 was found to be expressed only in the Golgi apparatus (Burrus et al, 1992) , but it can also be secreted in a mutated form (Zuber et al, 1997) . Depending on the organism, two detected variants of CFR-1, ESL-1 and MG-160, share sequence homologies between 88% and 95% (Burrus et al, 1992; Mourelatos et al, 1996; Steegmaier et al, 1995; Stieber et al, 1995) and do not appear to share any sequence homologies to other known proteins. Function and cellular distribution of CFR-1 and the homologues is relatively unknown and contradictory. It has been shown that MG-160, which is a medial Golgi sialoglycoprotein and was purified from rat brains, plays a role in intracellular FGF trafficking (Zuber et al, 1997) .
Recent findings have shown that the localization of this protein is not restricted to the Golgi apparatus. However, if truncated at the c-terminus, protein can be delivered to the plasma membrane and filopodia (Gonatas et al, 1998) . This is consistent with the finding that the third homolog, ESL-1, which was isolated from mouse neutrophilic progenitor cells (32Dcl3), is located in the Golgi apparatus as well on the cell surface of the microvilli (Gonatas et al, 1998; Steegmaier et al, 1997) . ESL-1 was identified as ligand for E-selectin in neutrophils with an apparent molecular mass of 150 kd. Immunoprecipitation with anti-ESL-1 antibodies showed that an undefined isoform of this protein could be precipitated from various cells, including some cancerous cell lines (Steegmaier et al, 1995) .
Because of the predominantly membranous distribution of CFR-1 in cancerous cells described in this paper, we conclude that the receptor described here is a new variant of CFR-1. A variable cellular distribution of CFR-1 and its homolog is possible, due to the above-mentioned results, and is a known phenomenon for other proteins (Smalheiser, 1996) . An altered distribution might be caused by a different glycosylation pattern in malignant cells, which may lead to a transport to the plasma membrane.
The tissue distribution shows that the CFR-1 molecule is correlated with cellular activation and proliferation demonstrated by staining with antibody Ki67 (Ramires et al, 1997) . Normal differentiated stomach mucosa do not express this receptor in a measurable amount, but H. pylori-infiltrated epithelia and dysplastic epithelia have this antigen. Both tissues are proliferative and are precursors for gastric carcinoma. 
The proliferation of mucosal tissue might be induced by the bacteria, by autoantibodies, or both. For H. pylori it has been proved that they stimulate cell growth or induce transformation, but there is also clear evidence that autoantibodies are involved in the development of various diseases, for example, celiac disease (Dieterich et al, 1997) , rheuma, and possibly ulcerative colitis (Targan et al, 1995) . These diseases are often accompanied by inflammatory processes and sometimes may end in malignant events (Kipps and Carson, 1993) . Our data strongly support the hypothesis that autoantibodies can act as ligands for growth receptors, stimulate cell growth, and induce malignant processes that may lead to stomach cancer.
Materials and Methods
Cell Culture and Antibody Purification
For all assays, the established stomach adenocarcinoma cell line 23132 (Hensel et al, 1999b ) was used. Cells were grown to 80% confluency in RPMI-1640 (PAA, Vienna, Austria) supplemented with 10% FCS and penicillin/streptomycin (1% for both). For the assays described, cells were detached with trypsin/ EDTA and washed twice with phosphate buffered saline (PBS) before use. The human hybridoma cell line 103/51 was produced and grown as described (Vollmers et al, 1994) . Purification of the IgM antibodies was performed as described elsewhere (Vollmers et al, 1998) .
Preparation of Membrane Extracts
Isolation of membrane proteins from tumor cells was performed as described by Hensel et al (1999b) , using cell line 23132. In short, confluent tumor cells were washed twice with PBS, harvested with a cellscraper and centrifuged, and resuspended in hypotonic buffer (20 mM HEPES, 3 mM KCl, 3 mM MgCl 2 ). After 15 minutes' incubation on ice followed by sonification for 5 minutes, the nuclei were pelleted by centrifugation at 10,000 ϫg for 10 minutes. The supernatant was centrifuged for 30 minutes at 100,000 ϫg in a swing-out rotor to pellet membranes. After washing the pellet with hypotonic buffer, it was resuspended in membrane lysis buffer (50 mM HEPES pH 7.4, 0.1 mM EDTA, 10% glycerol, and 1% Triton X-100). Complete protease inhibitor (Boehringer, Mannheim, Germany) was added to all solutions.
Western Blotting
Ten percent reducing SDS-PAGE gels and Western blotting of proteins were performed using standard protocols as described elsewhere (Hensel et al, 1999b) . In short, blotted nitrocellulose membranes were blocked with PBS containing 2% low fat milk powder, followed by a 1-hour incubation with 10 g/mL purified antibody 103/51. The secondary antibody (peroxidase-coupled rabbit anti-human IgM antibody; Dianova, Hamburg, Germany) was detected with the SuperSignal chemiluminescence kit from Pierce (KMF, St. Augustin, Germany).
Purification of the Antigen 103/51
The purification of the antigens was performed by column chromatography using a Pharmacia (Freiburg, Germany) FPLC unit. For size exclusion chromatography, a Pharmacia Superdex 200 column (XK16/60) was loaded with 5 mg membrane preparation and run with buffer A (100 mM Tris/Cl, pH 7.5, 2 mM EDTA, 40 mM NaCl, 1% Triton X-100). Then the eluate was fractionated and examined by Western blot analysis for reaction with antibody 103/51. Positive fractions were loaded on a MonoQ (5/5) column using buffer A. The bound proteins were eluated with a linear gradient using buffer B (100 mM Tris/Cl, pH 7.5, 1 M NaCl, 2 mM EDTA, 1 M NaCl, 1% Triton X-100), fractionalized, and examined in Coomassie-stained SDS-PAGE and Western blot analysis. Positive bands were cut out from gel and sequenced or used for immunization of mice.
MALDI Peptide Mapping
The band of interest was excised and cut into small pieces of about 1 mm ϫ 1 mm. Gel pieces were washed, reduced with dithiothreitol (DTT), S-alkylated with iodoacetamide, and in-gel digested with trypsin (unmodified, sequencing grade, Boehringer) as described elsewhere (Shevchenko et al, 1996b) . After 3 hours of digestion at 37°C, 0.3 L of the digest solution was removed and subjected to MALDI peptide mass mapping on a Bruker Reflex MALDI-TOF equipped with delayed extraction (Bruker-Franzen, Bremen, Germany). The thin film technique was adopted for sample preparation (Jensen et al, 1996) . The tryptic peptide masses were used to search a nonredundant protein sequence database by the PeptideSearch software program developed in-house.
Cloning of CFR-1 Antisense Vector and Transfection
RNA isolation, cDNA synthesis, and PCR were performed as described (Hensel et al, 1999b) . In short, for PCR for amplification of a 897-bp fragment ranging from base pairs 802 to 1699, the following primers were used: CFR-For 5' GCTTGGAGAAAGGCCTGGT-GAA 3', CFR-Rev 5' TGGCACTTGCGGTACAGGA-CAG 3'. Amplification was performed using the following cycle profile: 95°C, 2 minutes, followed by 35 cycles of 94°C, 30 seconds; 60°C, 30 seconds; 72°C, 60 seconds; and a final extension of 72°C for 4 minutes. Cloning into the pCR-Script Amp SK (ϩ) vector and DNA sequencing were performed as previously described (Hensel et al, 1999b) . The insert was subcloned into the pHook-2 vector (Invitrogen, Leek, The Netherlands), and cloning was controlled again by sequencing.
Transfection of cell line 23132 with pHOOK2-anti-CFR-1 was accomplished with PrimeFector reagent (PQLab, Erlangen, Germany) according to the supplier's manual. In short, plasmid DNA was diluted to 10 g/mL and PrimeFector reagent to 1:10 in serum-free growth medium. Diluted plasmid DNA (450 L), diluted PrimeFector reagent (90 L), and serum-free medium (460 L) were mixed and incubated at room temperature (RT). Sixty-millimeter cell culture plates (70% confluent) were washed twice with serum-free medium, and then the PrimeFector/DNA mixture was added dropwise. Cells were incubated 18 hours at 37°C and 7% CO 2 , then serum-free growth medium was replaced with growth medium containing 10% FCS, and cells were incubated another 24 hours before studying CFR-1 expression.
Flow Cytometry
The cell line 23132 was detached from culture plates by trypsin/EDTA 48 hours after transfection, washed, and subsequently incubated on ice with antibody 103/51 and human isotype-matched control antibody (Chromopure human IgM) for 15 minutes, followed by incubation with a FITC-labeled rabbit anti-human IgM antibody (Dianova) for 15 minutes on ice. Antibodies were optimally diluted in PBS containing 0.01% sodiumazide. Cells were analyzed by flow cytometry (FACScan; Becton Dickinson, San Jose, California).
Glycosidase Assays
Detached and washed cells were resuspended in RPMI-1640 containing 10% FCS and incubated for 1 hour on ice, counted, and cytospins were prepared. After air-drying, cytospin preparations were acetonefixed (10 minutes), washed, and incubated with 20 U/mL O-glycosidase or 5 mU/mL N-glycosidase (Boehringer) for 4 hours at 37°C. Then slides were washed and immunohistochemically stained.
For deglycosylation of membranous proteins, membrane extracts were incubated for 16 hours at 37°C with 1 mU/mL N-glycosidase diluted in deglycosylation buffer (50 mM PO 4 -buffer, pH 7.4). As a control, extracts were incubated with deglycosylation buffer alone. Then, extracts were separated by SDS-PAGE and Western blots were performed as described above.
Production of Murine Monoclonal Antibodies
BALB/c mice were immunized twice within 17 days with 5 g purified antigen of antibody 103/51, and killed 4 days after the second immunization. Spleens were disrupted mechanically and fused with 1 ϫ 10 7 NS0 cells as described earlier (Vollmers et al, 1985) . Antibody-producing hybridomas were tested and selected for immunohistochemical staining and reaction in Western blot analysis. Clone 58/47-69 with positive reactivity was used for further experiments.
Immunohistochemical Staining of Paraffin Sections
Paraffin-embedded human gastric mucosa and tumor were sectioned (5 m), deparaffinized, and blocked with BSA (15 mg/mL) diluted in PBS for 30 minutes. The sections were incubated with supernatant of hybridoma 103/51, Ki67 (Loxo, Dossenhein, Germany) or mouse anticytokeratin 8 antibody diluted 1:15 with BSA/PBS (Dako, Hamburg, Germany) for 2 hours in a humidified incubator. Sections were then washed three times with Tris/NaCl, followed by incubation with peroxidase-labeled rabbit anti-human or rabbit antimouse conjugate (Dako) diluted 1:50 in PBS containing rabbit serum (for antibody 103/51) or in PBS containing human AB plasma (for antibody 58/47-69 and anticytokeratin). After washing three times with Tris/NaCl and incubation in PBS for 10 minutes, staining was performed with diaminobenzidine (0.05%)-hydrogen peroxide (0.02%) for 10 minutes at RT. The reaction was stopped under running tap water, and sections were counterstained with hematoxylin.
Immunohistochemical Staining of Living and Acetone-Fixed Cells
For living cell staining, cells were detached, washed, and diluted to 1 ϫ 10 6 cells/mL. One milliliter of cell suspension was centrifuged at 1,500 ϫg for 5 minutes. Antibody diluted to 40 g/mL with complete RPMI was added to a final volume of 1 mL and incubated for 90 minutes on ice. Then cells were pelleted at 1,500 ϫg for 5 minutes and resuspended with 500 L RPMI. With 200 L of the cell suspension, cytospin preparations were prepared and air-dried for 30 minutes. Cells were fixed in acetone for 10 minutes and washed with Tris/NaCl three times. Horseradish peroxidase (HRP)-coupled rabbit anti-human IgM (DAKO) was diluted 1:50 in PBS/BSA (0.1%) and incubated for 30 minutes at RT. After three washings, staining was performed as mentioned above.
For staining of acetone-fixed cells, cytospins were prepared, air-dried at RT and fixed in acetone as described above. Then, cytospins were blocked for 15 minutes with PBS/BSA (0.1%) and incubated for 30 minutes with 10 g/mL of primary antibodies followed by three washings. Incubation with secondary antibody and staining was performed as described above.
MTT-Proliferation Assay
The MTT-assay with the established cell line 23132 was performed as described (Vollmers et al, 1994) . In short, trypsinized cells were diluted to 1 ϫ 10 6 cells/mL in complete growth medium, and 50 l of cell suspension was added to each well of a 96-well plate. Then 50 L of the antibodies, diluted to the indicated concentrations with complete growth medium, were added to the wells, and plates were incubated for 1 or 2 days at 37°C in a humidified incubator. For measurement, 50 L of MTT (3[4, 5 dimethylthiazol]-2,5 diphenyltetrazolium bromide) solution (5 mg/mL) were added to each well, and plates were incubated for 30 minutes. After incubation, plates were centrifuged at 800g for 5 minutes, MTT solution was removed, the stained cell pellet was dissolved in 150 L dimethylsulfoxide, and absorption was measured at wavelengths of 540 nm and 690 nm.
